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ABSTRACT
BACKGROUND: Apart from its physical effects air pollution might exert psychological stress effect on 
health. Based on the limited evidence about the symbolic value of urban greenness in traffic perception and 
a small body of research indicating that greenness might abate the negative perception of noise pollution, 
we hypothesized that it could also reduce air pollution annoyance. 
AIM: We aimed to test this hypothesis and determine whether greenness could buffer the annoyance reac-
tion to air pollution.
MATERIALS AND METHODS: In a sample of 508 residents of Plovdiv, Bulgaria we investigated the inter-
play between objective and perceived air pollution exposure, annoyance, and several indicators of urban 
greenness, using path models. 
RESULTS: Results showed that women living closer to a green space reported lower perceived air pollution 
exposure and through it – lower annoyance. This indirect path was driving the total effect and perceived air 
pollution acted as a full mediator. Among men there was no effect. With respect to perceived greenness, no 
effects on air pollution annoyance were found. 
CONCLUSION: In conclusion, urban green spaces might act as a buffer for the psychological stress effect of 
air pollution. Nonetheless, at this formative stage of research the evidence is tentative.
Keywords: air pollution, perceived air pollution, air pollution annoyance, stress, greenness, green space
INTRODUCTION
Ambient air pollution is a major environmen-
tal risk (1). It is associated with increased overall 
morbidity and mortality mostly due to cardiovas-
cular and respiratory diseases (2). However, its indi-
rect psychological effects have not been studied suf-
ficiently and the evidence is still limited. Some have 
suggested that stress may be mediating these effects 
(3). According to Colligan, air pollution is “a general 
source of stress” which could affect people through 
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two psychological pathways – direct neurobehavior-
al effects of specific contaminants and an indirect 
arousal of the autonomic nervous system (4). Similar 
to noise annoyance, air pollution annoyance might 
be considered an indicator of these stress effects. An-
noyance can be defined as a feeling of displeasure as-
sociated with any agent or condition believed to have 
an adverse effect (5). It gives account of the combined 
psychological and physiological stress caused by air 
pollution (6). The actual mechanisms underlying 
this annoyance reaction are not clear but it is con-
tingent, on one hand, on the organoleptic properties 
of air pollutants, and, on the other, on the cognitive 
stress generated by the information and knowledge 
of people’s personal exposure and its detrimental ef-
fects (7). While olfactory perception through the tri-
geminal system plays an important role in air pol-
lution annoyance, health risk perception and health 
worry might be intervening factors. A study by Sten-
lund et al. proposed a model of the indirect effect of 
air pollution, according to which they were mediat-
ed through perceived air pollution, health risk per-
ception, and annoyance (8). Later, Claeson et al. test-
ed the same model but had to re-specify it, so that, 
in their final model, both air pollution and annoy-
ance had only indirect effect on health symptoms 
through health risk perception (9). The evidence out-
lined above indicates that how we perceive air pollu-
tion is important element of its adverse effects. Ac-
cording to Oiamo “[h]ealth care strategies to man-
age or alleviate biomedical health outcomes of envi-
ronmental exposure are well established, but little is 
known about the ecosocial health benefits of reduc-
ing exposures as a public health strategy” (10). There-
fore, buffering these stress reactions should be inves-
tigated as a means of reducing the burden of disease 
associated with air pollution. However, research on 
air pollution annoyance and health is much scarcer 
in comparison to that on noise annoyance (11).
Green spaces are known to reduce air pollu-
tion in the urban environment by filtering particu-
late and gaseous pollutants, deposing them on plant 
surfaces, increasing their dispersion and altering 
the local temperature (12,13,14,15). There is, howev-
er, another alleged pathway, which has received lit-
tle attention. Several studies have already shown that 
living in a greener environment and closer to green 
spaces are associated with lower levels of noise an-
noyance (16,17). It was suggested that the underly-
ing pathways might be related to stress reduction and 
perceived control over the environment or even miti-
gating people’s sensitivity to noise (17). However, al-
most nothing is known about the psycho-social ben-
efits of interacting with urban greenness regarding 
air pollution perception. A survey carried out in Lon-
don and based on phenomenological analysis of re-
corded interviews explored participants’ attitudes, 
beliefs, knowledge, and subjective ratings of neigh-
borhood air pollution (18). One of the findings was 
that the presence of trees and vegetation could bal-
ance the negative perception of traffic because par-
ticipants believed trees to “have a physical function 
of actively cleaning the air and also of producing ox-
ygen, which improved the air” (18). A symbolic and 
therapeutic value was attached to vegetation which 
“helped protect people from the experience of pollu-
tion and allowed them to feel that their neighbour-
hood was still healthy” (18). Field surveys have also 
shown that people rate the positive impact of green 
spaces on air quality as one of its important func-
tions (19,20). Conversely, Shmool et al. looked at the 
correlations between perceived neighborhood air 
quality and area-level tree cover and found them to 
be modest and non-significant (21). 
Based on the above, we hypothesized that the 
interaction with urban greenness would be associat-
ed with lower air pollution annoyance through lower 
perceived exposure to air pollution. We aimed to test 
this hypothesis and to determine whether greenness 
could buffer the annoyance reaction to air pollution. 
MATERIAL AND METHODS
Study Area and Design
This study is based on a secondary analysis of a 
dataset from a cross-sectional survey carried out in 
the city of Plovdiv, Bulgaria (July – November, 2014). 
Plovdiv is the second-largest city in the country. It is 
characterized by a densely populated central area, 
several industrial zones, and a “wide network of busy 
streets and train tracks, big parks and other green 
yards” (22). Air pollution in the city is also high and 
often exceeds national standards (23).
Questionnaire data were collected via two pro-
cedures – snowball sampling and field interviews. 
Two hundred and forty nine questionnaires were dis-
tributed via snowball sampling and 213 were com-
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pleted (85.5%); 1906 citizens were approached dur-
ing the field sampling and of those only 368 agreed to 
participate (19.3%). Main reason for non-participa-
tion was the lack of time and/or fear of revealing per-
sonal information. A total of 508 cases were includ-
ed in the analyses. Given the parameters of the tested 
mediation models in the present study, this sample 
size was considered sufficient (24; 25).
Because of its non-invasive measurements, ob-
servational nature, and adult population this sec-
ondary study did not undergo ethics approval by an 
Institutional Review Board (the primary study, for 
which data were collected, was approved). All par-
ticipants were assured of anonymity and participa-
tion was voluntary. Answering the interview or com-
pleting the questionnaire implied informed consent. 
Further details on data collection and study design 
have been reported elsewhere (17).
Assessment of Objective and Perceived 
Exposure 
The objective indicators for air pollution in the 
neighborhood that we used were average annual all-
source fine particulate matter (PM2.5) (a pollutant de-
rived from fossil-fuel combustion) and average annu-
al all-source benzo(α)pyrene (BaP) (a polycyclic aro-
matic hydrocarbon formed in the process of incom-
plete combustion of organic material). Data on these 
indicators were extracted from an official munici-
pality source reporting air pollution maps (26). Pol-
lutant dispersion modelling was done for 2011 with 
SELMAGIS 9.28 (Lohmeyer GmbH & Co. KG). Owing 
to the low spatial resolution of the maps and the dis-
tribution of cases across the exposure categories, we 
dichotomized these variables in the analyses as fol-
lows: PM2.5 (<25.0 μg/m
3 versus >25.0 μg/m3) and BaP 
(<6.0 ng/m3 versus >6.0 ng/m3). Because of the spatial 
resolution, exposure levels were assigned to the par-
ticipants even if only their residential neighborhood 
was reported.
Self-reported traffic exposure was used as a 
proxy for traffic counts and air pollution (27). The 
question asked: “How would you describe the road 
that your home is located at and its traffic? Please, 
rate the traffic intensity based on comparisons with 
other streets of Plovdiv.” with possible responses: 
“very rare/no traffic”, “moderately busy street”, “con-
siderably busy street”, “heavy traffic”, “extremely 
busy street/extreme traffic”).
Lden – defined as “average” noise levels during 
daytime, evening, and night-time, applying a 5-dB 
penalty to noise in the evening and a 10-dB penal-
ty to noise during the night – was chosen for road 
traffic noise indicator. Combined Lden data from all 
traffic sources were elicited from the official strate-
gic noise maps (10 × 10 m grid, 4 m height) of Plovdiv 
created in 2009 in compliance with the Environmen-
tal Noise Directive 2002/49/EC. Noise levels were as-
sessed at the coordinates of the residential address, 
unless the participant had indicated the orientation 
of the apartment. Lden was modelled with LimA v. 5 
(Brüel & Kjær, Nærum, Denmark). 
Perceived air pollution exposure in the neigh-
borhood was derived from an 11-point visual ana-
logue scale: “According to you, how severe is the air 
pollution in your neighborhood?” (“0, not at all” to 
“10, extremely”). 
The question on air pollution annoyance asked: 
“To what extent are you disturbed, annoyed or ir-
ritated by the air pollution in your neighborhood?” 
(11-point visual analogue scale: “0, not at all” to “10, 
very much”).
Greenness indicators 
The following indicators of greenness and in-
teraction with it were used (17):
  After geocoding participants’ addresses, we 
measured the Euclidean distance to the near-
est green space, meeting several predefined 
minimum quality criteria for having a social 
function
  Perceived greenness of the neighborhood was 
elicited from the question: “According to you, 
how green (street trees, gardens, parks, etc.) is 
your neighborhood?” (10-point visual analogue 
scale ranging from “1, none at all” to “10, 100%”)
  Time spent in green spaces per week (in hours)
  Having a garden at home (“no”/”yes”) 
Other factors
  Socio-demographics: age, gender, ethnicity, 
highest educational attainment, marital status, 
occupation, self-rated socioeconomic status
  Pack-years of smoking 
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  Perceived health: “How would you rate your 
overall health status during the past year?” with 
the following response options: “very poor”, 
“poor”, “mostly poor”, “mostly good”, “good” 
and “very good”. 
  Noise sensitivity measured with the Noise Sen-
sitivity Questionnaire Short Form (28). Accord-
ing to some authors (29,30,31), noise sensitivi-
ty is associated with environmental and odor 
sensitivities and shares some of their variabil-
ity. Furthermore, noise sensitivity was found to 
correlate with air pollution annoyance (32). 
  Duration of residence at the present address
  Number of the floor on which the participant 
lived/apartment floor
Data Analytic Strategy 
Data were initially screened for missing rates, 
uni- and multivariate normality, and outliers. 
Welch’s t-test and ANOVA were used to compare 
mean scores of air pollution annoyance and per-
ceived severity of air pollution across other relevant 
factors, and Spearman correlations were used to cor-
relate them with interval or ordinal variables. 
We tested the hypothesis that a shorter dis-
tance to the nearest green space and higher per-
ceived greenness of the neighborhood are associat-
ed with lower air pollution annoyance and that this 
total effect is significantly mediated through lower 
perceived air pollution exposure. Figure 1 presents 
the hypothesized model. The mediation analysis was 
conducted with PROCESS v. 2.13, an add-on for SPSS 
for statistical mediation, moderation, and condition-
al process analysis (33). PROCESS was used with the 
following specifications: model 4, bootstrap-gener-
ated bias corrected 95% confidence intervals (5000 
samples, random seed) and heteroskedasticity-con-
sistent standard errors. Indirect effects were con-
sidered statistically significant if the 95% CI did not 
overlap zero. Based on prior theory, the effects of dis-
tance to green space (per one interquartile range in-
crease) and perceived greenness (per one interquar-
tile range increase) were adjusted for age, gender, eth-
nicity (Bulgarian versus other), socioeconomic status 
(lower versus middle + upper), duration of residence 
at the address (per 1 year), PM2.5 (< 25.0 μg/m
3 ver-
sus > 25.0 μg/m3), BaP (< 6.0 ng/m3 versus > 6.0 ng/
m3), Lden (per 5 dB increase), time spent in green spac-
es/week (per 1 hour), having a garden at home (“yes” 
versus “no”), and for each other. The model was ini-
tially run on the total sample (n = 508) and then sep-
arately for men (n = 185) and women (n = 323).
Due to underreporting of residential addresses, 
we had missing values on the variable “distance to 
green space”. Therefore raw data were imputed using 
the expectation-maximization algorithm. 
Results were considered statistically significant 
at the p < 0.05 level (two-tailed). Data analyses were 
conducted with SPSS v. 17.
RESULTS 
Participants’ average age was 36.45 years (SD 
= 15.39, range: 18 – 83 years) and 185 (36.06%) were 
male. The mean of air pollution annoyance was 5.80 
(SD = 2.29) with 21.83% (n = 112) of participants be-
ing highly annoyed (score > 7). According to Table 
1, air pollution annoyance was not significantly as-
sociated with age and gender, although middle-aged 
people and women reported higher annoyance. Wid-
owed, divorced, and participants with lower socio-
economic status were significantly more annoyed. 
Higher noise sensitivity, self-reported traffic, and 
road traffic noise were also associated with higher 
annoyance. Although people exposed to higher lev-
els of objectively estimated air pollution were more 
annoyed, those associations were non-significant. 
Perceived air pollution exposure was significantly 
and positively associated with air pollution annoy-
ance. With respect to the green space indicators, liv-
ing closer to a green space and in a greener neighbor-
hood were associated with lower annoyance. Finally, 
Figure 1. A priori hypothesized model of the associations 
between air pollution, its effects on annoyance and inter-
action with urban greenness
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Factors
Air pollution annoyance Perceived severity of air pollution
Mean (SD) Correlation Mean (SD) Correlation
Age .08 .05
18 – 25 5.52 (2.57) 5.55 (2.37)
26 – 35 5.66 (2.30) 5.89 (2.14)
36 – 45 6.03 (2.01) 5.64 (1.99)
46 – 55 6.19 (2.02) 5.71 (2.25)
56 – 65 6.06 (1.91) 6.18 (1.75)
66 – 75 5.53 (1.85) 5.80 (1.61)
76 – 85 6.20 (2.28) 5.00 (.71)
Gender 
men 5.66 (2.22) 5.92 (2.02)
women 5.88 (2.32) 5.60 (2.24)
Ethnicity 
Bulgarian 5.84 (2.26) 5.75 (2.17)
non-Bulgarian 5.61 (2.46) 5.61 (2.13)
Marital status
married/spouse 5.91 (2.22)* 5.85 (2.17)
single 5.42 (2.36)* 5.49 (2.07)
widowed 6.91 (2.55)* 5.36 (1.29)
divorced 6.26 (2.24)* 5.78 (2.76)
Occupation
employed 5.90 (2.07) 5.83 (1.98)
studying 5.60 (2.60) 5.56 (2.51)
unemployed 6.00 (2.30) 5.94 (2.04)
retired 5.93 (2.34) 5.39 (1.57)
Education .03 .04
basic 5.17 (2.23) 5.83 (2.56)
upper secondary 5.76 (2.47) 5.65 (2.30)
bachelor/master 5.80 (2.09) 5.71 (1.96)
PhD/DSc 7.18 (1.78) 7.27 (2.45)
Socio-economic status -.11* -.06
lower 6.30 (2.37)* 5.93 (2.09)
middle 5.65 (2.24)* 5.68 (2.20)
upper 5.33 (2.25)* 5.06 (2.01)
Pack-years of smoking .01 -.03
Noise sensitivity .32** .06
Perceived health -.19** -.12**
Apartment f loor -.02 -.04
Table 1. Associations of air pollution annoyance and perceived severity of air pollution with other individual and  
environmental factors
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there was a negative correlation between annoyance 
and perceived health. 
Perceived air pollution exposure was not asso-
ciated with any of the individual characteristics; con-
versely, it was significantly higher when objective air 
pollution, road traffic noise, and self-reported traffic 
were higher. It was lower for those living closer to a 
green space and having a garden at home and it was 
inversely associated with perceived health. 
The median distance to a green space was 90.88 
m (IQR = 171.83 m), 35% had a garden at home, 
the median rating of neighborhood greenness was 
6.00 (IQR = 2.25), and participants who were visit-
ing neighborhood green spaces spent there a median 
of 1.75 h/week (IQR = 2.50). Living closer to a green 
space was associated with higher perceived green-
ness of the neighborhood and with having a garden. 
Those spending more time in green spaces also rat-
ed their neighborhood as “greener” and had a garden 
at home. Further associations between these green-
ness indicators and demographics are reported else-
where (17).
 Based on prior theory and the observed 
associations in the dataset, we set up a data-based 
mediation model to test the a priori model. The total 
effect of distance to green space on air pollution 
annoyance was .28 (95% CI: .06, .50). It was comprised 
of a non-significant direct effect (B = .08, 95% CI: 
-.12, .27) and a significant indirect effect through 
perceived air pollution exposure (B = .20, 95% CI: .11, 
.33). Figure 2 presents the path coefficients depending 
on gender. Among men, neither of the paths was 
Duration of residence .04 .03
PM2.5 .09 .13*
< 25.0 μg/m3 5.58 (2.56) 5.23 (2.34)*
> 25.0 μg/m3 5.98 (2.23) 5.97 (2.14)*
BaP .05 .13*
< 6.0 ng/m3 5.71 (2.35) 5.45 (2.28)*
> 6.0 ng/m3 6.02 (2.29) 6.05 (2.14)*
Lden .21** .21**
Self-reported traffic .18** .26**
very rare/no traffic 5.01 (2.56)** 4.95 (2.08)**
moderately busy street 5.73 (2.34)** 5.43 (2.23)**
considerably busy street 5.90 (2.22)** 5.88 (1.94)**
heavy traffic 6.11 (2.03)** 6.40 (1.97)**
extremely busy street/ex-
treme traffic
6.49 (1.75)** 6.51 (2.11)**
Perceived severity of air pollution .50** 1.00
Distance to green space .17** .18**
Time in green spaces -.03 -.08
Perceived greenness -.10* -.04
Garden at home
yes 5.89 (2.15) 5.97 (2.02)**
no 5.63 (2.51) 5.31 (2.34)**
Note. Complete-case analyses are presented. 
PM2.5 – fine particulate matter, BaP – benzo(α)pyrene, Lden – indicator for road traffic noise.
*coefficient is significant at p < 0.05, **coefficient is significant at p < 0.01; p-values are associated with Welch’s t-test/
ANOVA or Spearman correlation.  
Spearman correlations are reported for factors measured on continuous/ordinal scale.
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statistically significant, whereas among women, both 
the total and indirect effects were significant. The 
non-significant direct and significant indirect paths 
suggest that among women the effect of distance to 
green space was fully mediated through perceived air 
pollution exposure.  
Note. Coefficients reported for 185 men/323 women. 
Model is adjusted for perceived greenness, age, gender, eth-
nicity, socioeconomic status, duration of residence at the 
address, PM2.5, BaP, Lden, time spent in green spaces/week 
and having a garden at home.
Note. Coefficients reported for 185 men/323 women. 
Model is adjusted for distance to green space, age, gender, 
ethnicity, socioeconomic status, duration of residence at the 
address, PM2.5, BaP, Lden, time spent in green spaces/week 
and having a garden at home.
With respect to perceived greenness, neither 
the total (B = -.06, 95% CI: -.43, .30), nor the direct 
(B = -.20, 95% CI: -.51, .10), or the indirect effects (B 
= .14, 95% CI: -.0004, .31) were significant in the total 
sample. According to Figure 3, among women only 
the indirect effect was significant.
The total (B = -.61, 95% CI: -1.27, .04), direct (B 
= -.54, 95% CI: -1.17, .08), and indirect (B = -.07, 95% 
CI: -.36, .21) effects of PM2.5 on air pollution annoy-
ance were non-significant. For BaP, all three were 
significant – total: .94 (95% CI: .52, 1.37), direct: .45 
(95% CI: .05, .85), and indirect: .49 (95% CI: .29, .75). 
For Lden, as well, – total: .47 (95% CI: .25, .69), direct: 
.31 (95% CI: .11, .51), and indirect: .17 (95% CI: .07, 
.28).
DISCUSSION
Initially we examined the distributions and 
univariate associations between the variables. Based 
on prior theory and the observed associations in the 
dataset, which were found to be theoretically feasible 
and meaningful, we tested a mediation path model 
adjusted for important confounders and stratified by 
gender. According to this model among women, liv-
ing closer to a green space was associated with low-
er perceived air pollution exposure and through it – 
with lower annoyance. The indirect path was driving 
the total effect and perceived air pollution exposure 
acted as a full mediator. This mediation path is in 
line with the qualitative results of Day (18) – people 
living in greener environment may experience low-
er perceived air pollution because vegetation is held 
to have the ability to physically clean the air and re-
duce the level of harmful contaminants. Among men 
there was no effect. The gender differences we found 
could be explained by several psycho-social mecha-
nisms. On one hand, women differ in their subjec-
tive risk assessment, they have higher proclivity to 
concern themselves (34), and are less likely to take 
risks (35). On the other, there are gender differences 
in the neuroendocrine and psychological response to 
stress (36). Moreover, green spaces affect the psycho-
Fig. 2. Path model of the associations between the dis-
tance to green space, perceived air pollution exposure and 
air pollution annoyance among men and women
Fig. 3. Path model of the associations between the per-
ceived greenness of the neighborhood, perceived air pol-
lution exposure and air pollution annoyance among men 
and women
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logical and cortisol stress response of men and wom-
en in a different fashion (37), and, according to Rich-
ardson and Mitchell, men and women utilize differ-
ent functions and experience green spaces differently 
(38). Thus women might be more susceptible to the 
psychological stress effects of air pollution and at the 
same time more likely to believe that green spaces 
could lower their exposure and, as a result, thus ben-
efit more from them. 
With respect to perceived greenness, no effect 
on air pollution annoyance was found. This might be 
explained by the fact that green space quality is im-
portant for people and, while it was considered when 
measuring the distance to the nearest green space, 
participants disregarded it in their assessment of per-
ceived greenness (17). Moreover, greenness refers to 
various types of plants such as bushes and grass in 
addition to tress, and the effectiveness in air cleaning 
is vegetation type-dependent (14). It is also possible 
that the concept of a green space (that is, of spatially 
consolidated and socially organized vegetated public 
space) is the one associated with the notion of reduc-
ing air pollution, rather than the overall greenness of 
the neighborhood, which also includes street vegeta-
tion, backyard gardens, green patches, etc.
Air pollution annoyance was not associated 
with exposure to fine particulate matter but rath-
er with BaP and road traffic noise. The perceived 
level of pollution was a significant partial media-
tor of these effects, as previously hypothesized (9). 
Although we did not have a variable representing 
health risk perception, it could be a mediator ante-
cedent to perceived air pollution in the causal chain 
between the distance to green space and annoyance. 
In short, we hypothesize that urban greenness might 
reduce the perceived level of air pollution by mak-
ing people feel safer and a higher level of control over 
their environment, which in turn could reduce the 
perceived level of exposure and, as a result, mitigate 
their annoyance.
Strengths and Limitations 
To our knowledge, this is the first study to 
investigate the quantitative relationship between 
urban greenness, perception of air pollution, and 
annoyance. Its strengths are its novelty, combination 
of objective and perceived exposure indicators, and 
employment of indicators representing different 
dimensions of interaction with urban greenness. 
However, it has some limitations. First, owing 
to the cross-sectional design, the direction of the 
paths in the model does not imply causal relation-
ships between the variables. For example, highly an-
noyed people might have proclivity to report high-
er exposure to air pollution. The partial representa-
tiveness of the sample and imperfect data collection 
procedure hinder generalization of the results. Nev-
ertheless, at this formative stage of research this is ac-
ceptable. For this reason, we did not use a complex 
structural equation modelling because we wanted to 
adhere to a simplistic and parsimonious solution.
Secondly, the validity of the measures we used 
might be questioned. The objective air pollution data 
about PM2.5 and BaP were based on dispersion models 
and referred to 2011, and noise data referred to 2009; 
exposure levels at the time of enrollment might have 
changed. Conversely, self-reported traffic was also a 
proxy for road traffic noise, but it was not included in 
the path model because, unlike PM2.5 and BaP, it is a 
proxy only for traffic-related air pollution, whereas 
the question on annoyance referred to both linear 
and stationary sources. Moreover, self-reported 
traffic is biased by individual discrimination between 
the exposure categories (27). Road traffic noise, 
on the other hand, was included as a confounder 
because there is a complex interplay between traffic 
noise, exhaust and annoyances (32,39,6) and studies 
have shown that noise and air pollution might 
act synergically and both be associated with odor 
annoyance (40,10). 
Our annoyance question did not specify the 
condition of keeping the participants’ windows open 
like previous studies (11) but this might not be a lim-
itation, since the latter restricts the measure to an-
noyance by outdoor air pollution when indoors (41). 
It also referred to general annoyance from air pollu-
tion, rather than odor annoyance. This means that 
the annoyance reaction was determined by both the 
organoleptic characteristics of the air pollutants (col-
or, odor, etc.) and participants’ knowledge of their 
own exposure and the harms of it, which acted as a 
cognitive stressor (7). We did not have a measure of 
odor sensitivity and we chose not to use noise sen-
sitivity as a proxy for it, although it might be justi-
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fied by some authors (29,30,31); others, however, cau-
tioned against it (42,43). As for the validity of per-
ceived air pollution exposure, it was not associat-
ed with demographics but rather with self-reported 
traffic, objective air pollution, and noise, which indi-
cates criterion validity. The limitations of the green-
ness indicators have been discussed in detail else-
where (17). 
Future Research
In order to implement strategies for attenuation 
of the psychological stress effects of environmen-
tal pollution through urban greening and planning 
of green spaces we must first gain clear insight into 
the underpinning mechanisms, which are currently 
vaguely defined (17). More sophisticated and validat-
ed measures of objective air pollution and scales for 
perceived exposure, its stress effects, and odor sensi-
tivity should be used; the constructs of perceived risk 
and control over the environment should be includ-
ed in the models. Additional explanatory variables, 
representing interaction with green spaces and their 
social and symbolic functions for the local residents, 
need to be studied, using both qualitative and quan-
titative methods (18). 
Alongside health risk perception, two other 
possible pathways merit further investigation. One 
is the general stress reduction, a hypothesis not sup-
ported by our study due to the lack of direct paths be-
tween the green space indicators and annoyance. On 
the other hand, traffic emissions may dominate the 
urban smellscape, masking floral and other subtle 
nature scents (44). It would be interesting to look at 
the interactions between olfactory perception of veg-
etation and traffic. Effect modification by individual 
differences such as gender is also of interest. Differ-
ent air contaminants need to be included in the mod-
els, since their effects might vary depending on their 
characteristics (e.g., odor). Integrated models investi-
gating the effects of greenness on both noise and air 
pollution perception will expand our perspective and 
capture a wider panorama of the epidemiological re-
ality, because air pollution and traffic noise might act 
in synergy and have mutually confounded effects on 
both types of annoyance (40,10).   
Public health programs should be contingent 
not only on biomedical but also on environmental 
interventions for mitigating environmental pollu-
tion. Pollution is an ecosocial phenomenon occur-
ring within the urban context and influenced by the 
latter in terms of the actual level of exposure and how 
it is being evaluated by individuals. Thus in order to 
mitigate the health impact of air pollution, in addi-
tion to lowering its objective levels, its psychological 
stress effects should be targeted through increasing 
the amount and access to urban green spaces (18).
CONCLUSION
Women living closer to green spaces perceived 
their exposure to air pollution as lower and through 
this were less annoyed. Perceived air pollution acted 
as a full mediator. Among men no effect was found. 
Therefore we hypothesized that urban green spac-
es might act as a buffer for the psychological stress 
effects of air pollution. Nonetheless, we are still at a 
formative stage of research and the evidence requires 
caution. 
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